e T gyt

NACA RM E51F21

[ it
)

bl V

RM E51F21

RESEARCH MEMORANDUM

RESISTANCE OF VARIOUS MATERIALS TO ATTACK BY MOLTEN
BISMUTH-LEAD EUTECTIC AT ELEVATED TEMPERATURES
By James J. Gangler and Walter J. Engel

Lewis Flight Propulsion Laboratory
Cleveland, Ohio

LIBRARY COPY

P SEC 08 duos

LANGLEY AERDMAUTICAL LABORATORY

LIERARY, NACA
LANGLEY FIELD. VITC NI

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
September 26, 1951




qade

t ‘CU"J‘ »

£y

ty

W lﬁlJIiﬁcﬂ“E!Ii AN

76 01435 2463
NACA RM E51F21

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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RESISTANCE OF VARIOUS MATERIALS TO ATTACK BY MOLTEN
BISMUTH-LEAD EUTECTIC AT ELEVATED TEMPERATURES

By James J. Gangler and Walter J. Engel

SUMMARY

The resistance of 40 materials including alloys, ceramics,
ceramals, and pure metals to attack by blsmuth-lead eutectic at tem-
peratures between 1500° and 2000° F was investigated. A velocity of
15 feet per second was meintained between the material surface and the
bismuth-lead eutectic. Those materials found to be resistant to this
attack included 17 of the ceramals and ceramlcs, graphlte, and arc-cast
molybdenum. All other materials investigated were epprecliably sttacked
by the eutectic in the form of uniform attack, cavitation, or pitting,
a8 indicated by metsllographic analysis. HNo evidence of intergranular
corroslon waes observed in any of the materials studied in this investi-
gation. Disintegration rates were estimated in mils per year from linear
measurements taken before and after the specimens were subjected to
attack by the molten eutectic.

INTRODUCTTION

Some statlic studies of the materiasls subjected to attack by
bismuth-lead molten eutectlc are reported in reference 1. The present
investigation was conducted to determine the resistance of materials to
attack by bismuth-lead molten eutectic in a dynamic system; that is, a
system having g relative velocity between the liquid and the material

surface.

The attack on materials in a dynamic liquld flow system depends on
(a) the velocity of flow, (b) the temperature distribution on various
solid parts, (c) the tempersture distribution in the liquid, and
(d) the geometry of the system, in addition to corrosion, dissolution,
and erosion. In a continuous circulating loop (nonisothermsl system)
the coneentration of dissolved material in the liquid increases and
decreases cyclically as the liquid passes the hot and cold portions of
the system, respectively.

In this investigatlon, a standard veloecity of liquid relative to
the surface of the test material was maintalned and ilsothermal test
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temperatures of 1500° and 2000° F were held, the concentration of the

dissolved materlal in the liguid maey heave approached the saturatlon -
point. To thils extent, the test does not duplicate the condition in

continuous nonisothermal flow systems. The tests, however, are

believed to afford a preliminsry screening of materiasls for use with

the bismuth-lead eutectic.

APPARATUS ARD PROCEDURE

2225

The liquid-metals-attack equipment, shown in flgure 1, was used
in this investigation. Both flat faces of the specimen ring were
covered by & graphite washer allowlng only the peripheral surface of
the ring to be in direct contact with the molten eutectic bath. The
specimen ring with graphite washers was mounted on a graphite shaft
which, in turn, was threaded onto a steel shaft. This steel shaft was
supported by a water-cooled bearing assembly which was bolter on the
water~cooled steel pot cover. The specimen-ring periphery was surrounded
by a grid of baffles in the eutectic bath, having a clearance of approxi-
mately 0.012 inch at room temperature between the baffles and the specimen
periphery. The purpose of the grid of bafflies was to render the eutectilc
bath practically motlonless while the specimen was rotated therein, thus
causing relative motion between the periphery of the specimen and the
eutectic mixture.

The eutectic bath pot was made of graphite, which is known to have -
a high resistance to attack by the bismuth-lead eutectic. The molten .
eutectic-bath temperature was malntained by an electric globar furnace
and was indicated by a chromel-glumel thermocouple inserted in a
porcelain~type protector tube placed within 1/4 inch of the specimen.
The furnace temperature, however, was set and controlled at the tempera-
ture necessary to obtaln the desired eutectic tempersature by means of a
platinum~platinum and rhodium thermocouple and an automatic temperabure-
control system. This temperature observation and contro& system main-
tained the eutectic-bath-temperature variation within +5° F at 1500° F
as well as 2000° F.

Chemical compositions of the alloys, ceramics, and elements used
in this work are given in tgble I.

The bath consisted of 23 pounds (approximately 62 cu in.) of the
lead-blsmuth eutectlic in order to completely envelope the specimens.
Argon at the rate of 10 cubic feet per hour was introduced into the
gpace above the bismuth-lead bath in order to protect it from oxidation.

ot

Test specimens of materiasls were of two kinds depending upon the
avallebility. Easily available materials were machined as shown in
figure 2 according to the following specifications:
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Diameter, in. « ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ o ¢ 4 ¢« o« o« o o« o« + «» . approximately 2
Hole diameter, iN.e « « o o o ¢ ¢ o o o s « « o « ¢ o« o« s « = « « 0.752
Thickness, IDue « o +¢ & o « o « o o o s o = s« s s o s « s o« « s« « 0.25
Concentricity, In. . « ¢« ¢ ¢ ¢ v o & @« 4 & & o o o s s « « « « 0.0001

The radius of the specimen ring was measured at four equally spaced
points, which were numbered on the specimen face. Materlsls that were
difficult to obtain because of the purity and dimensionsl limitations
were machined into segments and inserted into a slotted graphite holder
as shown in figure 3. The radial dimension of the segments was

0.325 inch and the thickness, 0.251 inch. Precision measurements were

made of the radius of each specimen ring and insert before and after each

evaluation period. An electronic height gage and a precislon surface
plate were used in these measurements providing an accuracy of 1+0.0001
inch.

PROCEDURE

The material investigeted was cleaned and rinsed in 95-percent
ethyl alcohol and then dried. The specimen-ring was placed on the
shaft, sandwiched between two graphite washers, that were used to
minimize attack on the faces of the specimen ring. The specimen shaft
assembly was threaded onto the bearing assembly (fig. 1), and lowered
into position in the eutectic bath.

Phe eutectic bath was heated to 50° F gbove the operating tempera-
ture before use, experience having showed that the eutectic bath tem-
perature decreased 50° F after immersion of & specimen therein. If a
materisl was suspected or known to have poor resistance to thermal
cracking, the material specimen ring, assembled on the graphite sharft,
was preheated before immersion in the eutectic bath. The preheating
process conslsted of lnsertion for 5 minutes ip an infrared oven at
approximately 450° F and then, after being attached (at preheating tem-
perature) to the drive shaft, suspension for 10 minutes above the
eutectic bath surface. - The temperature of thls surface was near the
operating temperature. The specimen graphite-shaft assembly that was
attached to the bearing assembly was suspended gbove the eutectic bath
by a collar which was inserted tetween the bearing assembly and the
steel pot cover. Followlng preheating, the colisr was removed, and the
bearing essembly was boltered 1n place as shown in figure 1. The
electric motor was then started and gradually brought up to its rated
speed by means of a rheostat. Speed of rotation of the specimen was
measured with a stroboscope and meintained at gpproximately 1720 rmp
in order to produce a peripheral veloclity of the specimen of 15 feet
per second. ’
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A material that was unpredictable, with regard to belng attacked
by an eutectic, was run for a l-hour period. A material believed to
have poor resistance to attack was evalusted for a period of 5 minutes;
good resistance, for 24 hours.

The ceremics, ceramsls, pure metals, and the refractory alloys were
tested at 2000° ¥. The other alloys showed extremely rapld attack et
2000° F and hence were run at 1500° F.

Upon removal from the eutectic bath, the specimen on the graphlte
shaft was immersed in & crucible containing powered carbon until cooled
to approximately room temperature in order to protect the specimen from
oxidation. Particles of the eutectic bath adhering to the specimens,
were removed by & combination of heat and mechanical treatment.

The specimen radii before and after test were measured by an
electronic helght gage and precision surface plate in order to determine
the change in dimensions caused by attack. In cases of sttack, specimens
were carefully maschined from the outer periphery towerd the center on =&
precision cylindrical grinder, removing a layer of material 0.0005 inch
thick at a pass until the point of the deepest attack had been removed.
This point—of deepest attack determined the finael radius measurement of
the specimen.

Microscopic anslysis of a cross sectlon of the specimen which
included some of the peripheral surface was made in order to determine
the mechanism of attack.

The sectioned specimen was mounted, polished, and ususlly etched
so that visible changes in the crystallographic structure could be
noted. Eeach specimen was examined at magnifications of X50 and X1000
for evidence of physical changes.

RESULTS AND DISCUSSION

Three types of attack by the eutectic blsmuth-lead bath on the
investigated materials are listed in table II. These types are:

(1) Uniform attack: Rate of attack is approximately the same
over the entire peripheral surface of the specimen, the
surface remaining relatively smooth (see fig. 4).

(2) Caviation: Rate of attack is markedly uneven on the surface
of the specimen, the surface becoming rough and sometimes
Jegged (see fig. 5).

2225
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(3) Pitting: Rate of atback asppears uniform, the surface appear-
ing smooth and unattacked except in a very few small areas
of the specimen; but, upon close examination of the surface,
small asreas of attack, usually macroscopic in size, are
evident (see fig. 6).

The following materials gliven in table II were found to be totelly
resistant to attack at a temperature of 2000° F and a period of 24 hours
in this investigation: &alumlna, beryllia, boron carbide, boron carbide -
iron, chromium carbide, graphite, K-138, K-138A, K-1514, msgnesia, arc
cast molybdenum, bolybdenum disilicide, NBS-4811¢C, fused quartz, silicon
carbide - boron cerbide, titanium cerblde, zircon, zirconia, and
zirconium carbide - nlobium.

The remaining masterlals investigated (tsble II), underwent appreci-
able attack, ranging from 1.82X102 mils per year for the sintered alloy
LT-2, to 4.25X10! mils per year for calcium reduced vanadium.

Uniform attack, similar to figure 4, was observed in Hastelloy B,
L-605 alloy, LT-2 alloy, sintered molybdenum, nickel, nicbium, titanium,
vanedium, tungsten, zirconium, 316 alloy, and 347 alloy.

Cavitatlon as shown in figure 5 occurred in chromium, cobalt,
Inconel, and iron.

Pitting similaer to figure 6 appeared in the molybdenum tungsten
glloy, S-816, tantalum, Vitallium, and zirconium carbide.

No intergranular corrosion was found in this investigation.

The variation in corrosion rates between arc cast and sintered
molybdenum is noticable (table II). This variation is corroborated
metallogrephically by comparing the photomicrograph of arc cast
molybdenum (fig. 7) with that of sintered molybdenum (fig. 8). The
exposed surface of the arc cast molybdenum is relatively smooth and
unaffected as compered with the sintered molybdenum. Density measure-
ments, however, indicate no appreciable difference in body porosity.
Reduced corrosion resistance, in the sintered specimen might be
attributed tc occluded gases, which formed invisible phases not present
in the arc cast molybdenum.

SUMMARY OF RESULTS

Molten bismuth-lead eutectic alloy at temperatures from 1500° to
2000° F was used as the critical media in attack resistance investi-
gations of 40 different materlals heving melting points above 2000° F.
These materials included pure metals, ceramics, ceramsls, and alloys.
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0f these materials, alumina, beryllis, boron carbide, boron carbide -
iron, chromium carbide, grephite, K-138, K-138A, K-151A, magnesia, arc -
cast molybdenum, molybdenum disilicide, NBS-4811C, fused quartz,

silicon carbide-boron carbide, titanium carbide, zircon, zirconia, and
zirconium carblde-nioblum were totally resistant to attack for 24 hours
at 2000° F. The remaining materials were critically attacked exceeding
500 mils per year. Employment of the ceramics, ceramals, and metals
found to be totally resistant to attack in a period of 24 hours appeared
promising as contalner msterlal Iinsofsr as resistance to attack by molten
bismuth-lead eutectic at 1500° to 2000° F is considered.

2225

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, June 12, 1951.
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TABLE I - MATERTIAL COMPOSITION

Constituents
(percent by weight)
Alloys
Hastelloy B Ni, 66.43 Mo, 28.03 Fe, 5.5; C, 0.1
Inconel Ni, 78.7; Cr, 13.5; Fe, 6.8; 81, 0.4; Cu, 0.3; Mn, 0.2
L-605 Fe, 51.0; Cr, 20.03 W, 15.0; Ni, 1.0; Pe, 1.8;
Mn, 1.5; si, 0.5; C, 0.1
ILr-2 W, 60.4; Cr, 24.0; Als0p, 12.1; Fe, 0.4; Al, 0.3
Mo-W Mo, 98; W, 2.0
S-816 Co, 45.03 Cr, 20.0; Ni, 20.0; Nb, 4.0; W, 4.0; Mo, 3.0;
Fe, 2.6 Mn, 0.6; C, 0.4; Si, 0.3
Vitallium Co, 64.03 Cr, 2.8; Mo, 6.0; Mn, 1.0; si, 0.6; €, 0.2
316 Fe’ 6700; Cr, 1750; Ni, ].2-0; KO, 108; 1.0; Si’ 005
347 Fe, 63.0; Cr, 18.0; Ni, 10.5; Mn, 1.0; 0.8; si, 0.5
Ceramics
Alo03 Als0z, 99.5
BeO Be0, 99.5
B4C B, 79.1; combined C, 10.8; free C, 3.9
B4C-Fe B4C, 643 Fe, 36
CcrC Cr, 86.23 C, 12.13 Fe, 0.2
K-138 TiC, 80; Co, 20
K-138A Tic, 66.3; Co, 18.7; NbC + TaC + TiC, 15
K-151A TiC, 66.3; Ni, 18.7; NbC + Tal + TiC, 15
MgOo Mg, 60.0; 0, 39.63 combined C, 0.1
Mosis, MoSis, 99.0; Fe, 0.9; C, 0.1
NBS-4811C BeO, 82.6; Zr0, 8.3; Alg0z, 7.0; Ca0, 2.0
Quartz 8105, 99.9
81C-B4C SiC, 855 B4C, 15
Tic TiC, 96.5; excess C, 1.93 Ti0, + TiNg, 1.003 S8i, 0.3;
Ni, 0.1; W, 0.1} Co, 0.1
Zircon Zrs8i0,, 99.1
Zrc Zr, 86.23 combined C, 9.4; free C, 4.1
ZrC-Nb ZrC, 883 Nb, 12
Zr0gz Zr, 73.40; 0, 25.6; conmbined C, 0.1
Metals-Element
Chromium Cr, 88.5
Cobalt Co, 97.5
Graphite c, 99.8
Iron Pe, 99.9
Molybdenum, arc
cast Mo, 98.8
Molybdenum,
sintered Mo, 99.8
Nickel Mi, 99.9
Niobium Nb, 99.8
Tantalum Ta, 99.8
Titenium Ti, 99.43 C, 0.3; O + N + Fe, 0.4
Vanadium Vv, 99.8
Tungsten W, 99.9
Zirconium Zr, 99.0
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Material Type of Specimen | Evaluation | Temperature Estimated Type of Results
naterinl radius period (°F) disintegration | attack
decrease | (min.) rate,
(1n.) (mil/year)
Alloys Lr-2 Sintered 0.0005 1440 2000 J..BZS)(J.O2 Uniform
Mo-W Forged,
Hot Rolled | .0028 1440 2000 1.028x103 Pitting
Vitellium | Cast . 0040 1440 1500 . 1460205 Pitting
L-605 Hot Rolled | .0188 1440 1500 a.aszno{ Uniform
347 Cold Rolled 0275 1440 1500 1.004X00 Uniform
316 Cold Rolled| .0296 1440 1500. 1.080%a.0% Uniform
5-816 Hot Rolled | .04G7 1440 1500 1.486x0% Pitting
Hastelloy B | Cold Rolled <1571 1440 1500 s.ootxm" Uniform
Inconel Cold Rolled| .187S 80 2000 1.6500.05 Cavitation|Complete Disintegration
within 24 hours
Ceramals-
Ceramics Adp0x Hot Prassed| 0.0000 1440 2000 0.000 None
BeO Eot Pressed .0000 1440 2000 000 Kone
BsC Hot Pressed| .0000 1440 200Q «000 None
B4C-Fe Sintered 0000 1440 2000 +000 None
crc Hot Pressed| .0000 1440 2000 +000 None
K-138 Sintered 0000 1440 2000 -00C None
K-138A Sintered <0000 1440 2000 «000 None
K-1514 Sintered 0000 1440 2000 -000 Nope
¥g0 Hot Pressed 0000 1440 2000 .000 Xone
Mosi, Hot Pressedy
Bintered 0000 1440 2000 -000 None
HBS 4811C 0000 1440 2000 000 None
Quartz Fused -0000 1440 2000 <000 Xoune
51C-B4C Hot Pressed 0000 1440 2000 .000 ¥one
L 1] Hot Pressed| .0000 1440 2000 <000 Xone
ZrC-Nb Hot Pressed| .000C 1440 2000 «000 None
2r0y Hot Pressed| .0000 1440 2000 000 None
Zircon Hot Preszed| .0000 1440 2000 000 None
2reC Hot Pressed| .0050 1440 2000 1.815X10° Pitticg
Metals-
Elements | Graphite Extrudsd 0.0000 1440 2000 0.000 None
Mo Arc cast Neie ool 1440 2000 0.000 None
W Bintered 0015 1440 2000 S5.47 >€|.O2 Uniform
Mo Sintered 0053 1440 2000 1.935X103 Uniform
Ta sintersd 0055 1440 2000 2.007X10° Pitting
o Sintersd .C030 6o 2000 2.620X10% Uniform |[Complete Disintegration
wvithin 24 hours
cr Cast .2378 60 2000 2.086a0% Cavitation|Complete Disintegpration
within 24 hours
Fe Ingot .10%6% 30 2000 1.815q08 Cavitation!Complete Disintegration
within 1 hour
co Cast 212 |, & 2000 2.464x105 | cavitation
T >.3695 9 2000 >2.156X107 Uniform
RL Wrought A .2531 S 2000 2.661)0.07 Uniform |Coaplete Disintegratiom
within 1 hour
2r Todide .3425 S 2000 >3.600X107 Uniform |Complete Diaintegration
witbin S minutes
v Ca reduced | .0488 €0 2000 4.275x107 Uniform
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C-273978

Tigwrs 3. - Slotted graphite holder and Insert.

Figure 2, - Speoclmen ring,

gage
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C-26499

Figure 4., - Uniform attack (titanium, 9 min; 2000° F).
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C-25982

Figure 5, - Cavitation (chromiwm; 1 hr; 2000° F).
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Figure 6, - Pitting atteck (vitallium; 24 hr;

C-27680

1500° F).
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C- 27! 34

Figure 7. - N1l effect of blamuth-lead eutectic for 24 hours at 2000° F on surface of
arc cast molybdenum. X50; etchent, KOE-KzFe(CN)g.

S

- Destructive effect of bilsmuth-lead eutectic for 24 hours at 2000° F on
surfece of sintered molybdenum. X50; etchant, KOH-KzFe(CN)g.

Figure 8.
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